Halogenated organic compounds have been found in drinking water, wastewater, and groundwater at concentrations of micrograms per liter or less (8, 21, 26) . The movement, transformation, and fate of these contaminants in the environment are of particular interest because many of the halogenated organic compounds are suspected carcinogens or mutagens (8, 19) and are toxic to humans (8) and microorganisms (27) at high concentrations. Microbial transformation is one process which may affect the fate of such organic micropollutants in the environment. Many of the synthetic organic contaminants found in waters are not readily transformed by biological processes, and the persistence of organic compounds may be due to physical, chemical, or environmental causes (2) . One of the most important environmental factors affecting transformations is the type of electron acceptors present.
Chlorinated benzenes at concentrations of 10 ,Lg/liter have been found to be biodegraded under aerobic conditions (4) , but these compounds are not transformed under methanogenic conditions (24) . In contrast, 1- Three batch transformation studies were conducted under denitrification conditions. The first was conducted with EB, NAPH, CB, 1,2-DCB, 1,3-DCB, 1,4-DCB, and 1,2,4-TCB at initial concentrations between 40 and 114 p.g/liter. Sterile 160-ml serum bottles were purged with N2 gas and completely filled with deoxygenated medium with an anaerobic pipette (23) . Except for sterile controls, the medium was seeded with 2 ml of primary sewage effluent per liter from the Palo Alto (Calif.) Water Pollution Control Facility. A sample of a dilute aqueous solution containing a mixture of the aromatic compounds (each at 400 ,ug/ml) and 1,4-dichloro[U14C]benzene tracer (-2 ,uCi/ml) was added directly to each bottle, and the bottles were immediately sealed without head space with a Teflon disk and an aluminum cap. The aqueous solution added was prepared by diluting a stock solution of the aromatic compounds in ethanol (each at 40 mg/ml of ethanol) with deionized water from a four-cartridge MILLI-Q water purification system (Millipore Corp., Bedford, Mass.). All bottles were incubated without agitation in the dark at 25°C and were periodically assayed for the specific aromatic compounds by the closed-loop stripping technique, gas chromatography (GC), and flame ionization detection (15) .
Another similar batch experiment was conducted, but with a mixture of CF, CT, 1,1,1-TCE, BDCM, DBCM, BF, and 1,2-DBE at nominal initial concentrations of 60 ,ug/liter. Carbon-14-labeled 1,2-DBE was also included (-3,000 dpm/ml). Samples were periodically assayed for the halogenated compounds by the pentane extraction GC method of Henderson et al. (18) .
A third series of sterile controls and bacterial cultures was prepared with CT and carbon-14 tracer, initially at 75 ,ug/liter, to study transformation products. An aqueous solution containing CT (1.6 mg/ml) and carbon-14 tracer (-2 ,uCi/ml) was added (7.5 ,ul) directly to each bottle before sealing. After several weeks of incubation at 25°C, the carbon-14-labeled transformation products were characterized as discussed in the accompanying manuscript for methanogenic batch cultures (5 (17) . The basic requirement for the cleavage of the aromatic ring under anoxic conditions appeared to be the presence of oxygen on the ring or ring substituent, which is not present on chlorinated benzenes. Table 1 shows the results of the transformations of selected halogenated aliphatic compounds under denitrification conditions. For each compound, the concentrations in sterile controls did not change significantly throughout the 8-week study period, and the values for the average and one standard deviation are given. In (Table 2 ). This result confirms the hypothesis stated above of CT transformation to CF. All of the activity initially added as CT was recovered, and the characterization of the carbon-14 activity indicated that part of it was due to nondegraded CT or the production of CF (the activities of these compounds could not be differentiated) or both and that 14Co2 was being produced. Some of the activity was retained in the cells or other particulates removed by filtration through a 0.45-,um membrane filter by 2 h of air drying (measured after 5 and 13 weeks of incubation). This fraction was assumed to result from the synthesis of CT carbon into cells instead of sorption since CT and its hydrophilic transformation products have low octanol/water partition coefficients (16) In summary, the laboratory results show that some halogenated aliphatic compounds may be transformed under anoxic conditions when nitrate is present as the electron acceptor. CT, BDCM, DBCM, and BF were the only compounds studied that were transformed in the presence of denitrifying bacteria after 8 weeks of incubation. Chlorinated benzenes, EB, NAPH, CF, 1,1,1-TCE, and 1,2-DBE were not significantly transformed in the batch cultures. The production of CO2 from the decomposition of CT and the partial incorporation of carbon into cells (particulates) indicated removal by biotransformation, although how this was possible remains unexplained. Evidence for the reductive dechlorination of CT to CF was also obtained. The denitrification batch culture results were consistent with field observations on the degradation of halogenated organic compounds in an anoxic aquifer at the Phoenix 23rd Avenue Rapid Infiltration Project (6) . These data suggest that biotransformation may be an important removal mechanism for some halogenated aliphatic compounds present at low concentrations in anoxic environments with nitrate available as the electron acceptor, although many other halogenated organic compounds would tend to persist. More information is needed on the environmental conditions required for the biotransformation of halogenated organic micropollutants and the reaction pathways involved.
